It was noted that the blood was very much darker than is usually the case with a corresponding degree -of polycytheamia. The amount, of reduced halmoglobin in the blood was, therefore, considerably more. than normal ; yet the child was not breathless on any of the occasions on which this observation was made. The cyanosis depended, of course, on this increased CO2 content of the blood. We are faced, then, with the fact that there was a polycythvemia apparently caused
BV GORDON R. WARD, M.B.
IT is miore or less customary to divide cases of polycythaemia into (a) relative and (b) absolute. Relative polycythaemia includes those cases in which there is a concentration of the blood due to excessive loss of fluid from the body, as in cholera, the rapid formation of pleural or other effusions, excessive perspiration, &c. Absolute polycythemia, on the contrary, is distinguished by the presence of an actual increase of red cells above the normal amount for the whole body. This class includes erythraemia, the polycythaemia so frequently associated with congenital heart disease, and that -of acquired lung and heart disease, together with a few other forms.
It is obvious that the second class, absolutely polycythaemias, will show at autopsy or before, according to what methods of investigation are available, signs of increased formation of red cells. These will include increase of the red marrow in area, dilatation of vessels due to a compensatory hydra3mia following increased viscosity of the blood, the presence in the circulation of immature or of obviously new formed red cells or of nucleated red cells, and perhaps secondary and less definite signs, such as otherwise inexplicable hypertrophy of the left ventricle.
In the first class there should be no signs of such increased formation of red cells. Thus the two classes would at first sight appear to be fairly easy of differentiation both clinically and pathologically. In the cases I shall presently describe I hope to show that it is not at all easy, and may be quite impossible, so to separate different cases of polycythvemia. This MH 14 is made plainer by an example. Case XXI is that of a man with acute heart failure; his red cells were 7 million when he was first seen and fell in four days to 3million as the cardiac condition improved. This would appear to be a simple example of concentration. Yet there was here irrefutable evidence of rapid new red cell formation in the shape of a blood crisis. Case XII also shows a blood crisis due to heart failure, but this was further complicated by other factors. Suppose that either of these cases had not recovered entirely from the heart failure-i.e., that compensation had been inadequate as far as the ability of the heart was concerned. Then there would have arisen a compensatory polycythamia in addition, and this would have been permanent, in fact, an absolute polycytheemia. Case' XIII is also an interesting one, since there was here a compensatory polycythaemia called into being by inability of the heart to deal with the altered circulatory conditions induced by disease of the suprarenals. The whole course of the disease did not exceed three weeks, and yet there was an absolute polycythaemia present at the time of death. In this case it was shown chiefly by the increase of bone-marrow noted at autopsy. Here, then, was an absolute polycythaemia due to circulatory failure induced within the space of three weeks. If this can occur why should it not be possible also in septic conditions in which, as a matter of fact, one usually explains the concentration of the blood as due to excessive sweating following pyrexia, or to some similar cause which is clinically apparent ?
In endeavouring to group the twenty-four cases which I here put forward, it has been quite impossible to class them into absolute and relative. It has therefore been necessary to fall back upon a theoretically less satisfactory classification. This is largely aetiological, but in part purely clinical. There are thus six " idiopathic " cases, of which one is possibly an example of hereditary erythraemia while the other five fall into two groups. There are five cases of polycythamia associated with congenital heart disease, of which two are further noteworthy for the persistence of a blood-picture which is distinctly embryonic. Both of these were probably prematurely born children. One similar case has been recorded in America, but not very fully. Otherwise, I have not been able to find any mention of the condition in the literature. There are also compensatory, reactive, therapeutic, mixed or infective, and doubtful groups of cases. GROUP I.-CONGENITAL POLYCYTHAXMIA.
In this group there are five cases, and in all the polycythemia was associated with cyanosis; in all the cyanosis was persistent, and in two certainly, probably in all, there was clubbing of the fingers. Case V is noteworthv inasmuch as there was no murmur appreciable clinically.-This anomaly was also present in Case II and is usually regarded as being associated with an extensive lesion. This was so in the cases of Audry [1] , and of Wright and Drake [51, both of which came to autopsy and in both of which there was polycythaemia and cyanosis. In the first instance there were Rechtslage, marked pulmonary stenosis, defective interventricular septum, and patent ductus arteriosus; in the second there was no interventricular septum, very little of the interauricular and apparently no pulmonary artery at all. The latter fact is in part explained by the circumstance that it was only possible to examine the heart, and although one of the arteries present probably went to the lungs, it was not placed in the usual position, and it was not possible to trace its course.
Cases I and II are both examples of persistence of the embryonic blood-picture. This is to some small extent a matter of inference, since the blood of a living embryo has very seldom been examined. This was, however, done by Engel [2] , who studied the blood of an embryo 23 cm. long-i.e., presumably in the fifth month. The heart was still beating. He found a higher colour index, the h.Tmoglobin being 80 per cent. and the red cells 3,300,000 per cubic millimetre, while there were 12,500 white cells per cubic millimetre. The interesting part of his report is, however, that which deals with the nature of the red cells. There were 27,500 nucleated red cells per cubic millimetre, and most of these were normoblasts with polychromatophile protoplasm. There were great differences also in the size and staining reaction of the red cells. In Case I here reported there were 2,900 nucleated red cells per cubic millimetre, in Case II they varied from 224 to 69,080 per cubic millimetre. I am indebted to Dr. Braxton Hicks, of the Westminster Hospital, for the figures of the first and the fourth examination in this case. That there were great differences in size and shape the photograph shown sufficiently attests. There were also myelocytes present in each case, as was -noted by Engel in his case. It is well known that the blood in leukemia, and to a less extent in many of the-anemias of children, tends to assume the embryonic picture, and an excellent example of this has recently been reported by Treadgold. In such cases 57 Ward: Somne Cases of Polycythlmia the blood comes to resemble, as far as the red cells are concerned, the blood of the two cases recorded here. It may, then, be granted that we are dealing with an embryonic blood-picture which has persisted after birth. It is very rare to find any nucleated red cells after the first three days of extra-uterine life, and even before that they are not as a rule at all nuinerous. In these two cases the children may have been premature. In the first case this is to be inferred from the small size of the child, as there is no definite note to that effect. In the second case the child was expected at the end of September, whereas it was born on the 3rd of that month. This will, in part, explain the bloodpicture at birth, but does not explain why it continued to be present in the second case on the forty-sixth day, by which time, had the child been born at full term, there should have been no nucleated red cells present.
Moreover, in the case of Wright and Drake above mentioned there were normoblasts present at the age of 8 months, although the child was apparently born at term.
We are, then, dealing with a congenital abnormality which is pre-;sumably in the nature of a deficient development, and is to be classed with hare-lip, hypospadias, &c. In both of these cases it was associated with congenital heart disease. It is true that this was not verified post mortem, but if we suppose that it was not present we disregard the analogy with Wright and Drake's case, which is otherwise complete, and must invent some new disease to account for the cyanosis and polycythammia. How far the congenital blood condition was dependent on the congenital heart condition one cannot say. The two co-existed, and the second probably necessitated at least some degree of the first-viz., the actual increase in red cells. It is not clear that it must also have necessitated or called into being the embryonic blood-picture. Many cases of polycythemia and congenital heart disease have been recorded as co-existing at as early an age as 2 weeks, but in only one, so far as I have been able to discover, is this peculiar blood-picture mentioned.
Case I.-The case of a child, aged 2 weeks, suffering from congenital heart disease with cyanosis. The child was very ill developed and probably immature, was too feeble to cry, and very difficult to feed. The duration of life is not known, as the child was removed from hospital, since no hope -could be entertained of giving her any relief. It is possible that this child was in age a faetus; she had been born two weeks, but was of an appearance that would have accorded with premature birth.
The case should be considered together with Case II, which presents many points of similarity. In both there was a persistence of the foetal 58 59 type of blood formation, and about 7 million red cells per cubic millimetre, with a very large number of nucleated red cells.
Case II.-The case of A. E. D., aged 2 weeks. The child was born in a lying-in hospital on September 23, 1912, and died on December 19 of the same year. She was cyanosed at birth, and the cyanosis persisted as long as she was under observation. It varied from hour to hour, and at times was relatively slight. The fingers and toes showed well-marked clubbing. There were present many of the features of Mongolian idiocy, and the child as a rule took no notice of such procedures as puncturing the ear to obtain blood. The child, however, took the breast well. With the exception B : . t . . . . . . . . . . . r *:'.: '-' , .N''''' . . . . . .
FIG. 1
Photomicrograph of the blood in Case II, showing variations in size, shape, and staining affinities of the red cells.
of an attack of green diarrhcea there were no illnesses during life. The condition at death is in doubt, as the child was then at the parents' home, and no reply has been received from, the doctor who was in charge of the case.
Ward: Sonme Cases of Polycythemia by the heart lesion, and yet so much in excess of what was required that respiration was carried on comfortably while the blood was far from the normal saturation of oxygen. This is such an anomalous position that it would seem that there must have been some factor for which allowance was not made. It is not proposed to elaborate the point here, but merely to point out that the polycythemia may possibly have been congenital and independent of the cardiac lesion. This would account for the lack of oxygen saturation co-existing with normal respiration. It, however, requires further cases and more exact investigation to decide such points. It may be remarked that the possibility of the cyanosis in congenital heart disease being dependent on something other than the heart lesion has often been mooted. This case may provide a possible explanation if it be considered that here the cyanosis was due to the fact that there was no need for full oxygen saturation of a polycythemia which was merely congenital, as, for example, hare-lip is congenital. There was no splenomegaly, nor was any murmur heard over the cardiac area, although frequently sought for. The conjunctival vessels were very distinctly dilated, so that the presence of increased blood volume is very probable. I am indebted to Dr. Purves Stewart for calling my attention to this case and allowing me every facility for studying it.
Case III.-The case of A. Q., aged 5. This is a case of congenital heart disease-probably of pulmonary stenosis with patent foramen ovale. The degree of polycythbmia has not varied during the last two or three years, and the condition of the patient is very,fairly satisfactory. He is occasionally admitted to hospital for a rest and usually recovers himself very soon. On the occasion of this count it was noted that the fingers were markedly clubbed and very cyanosed. There was dyspnoea on exertion.
Case IV.-The case of a girl, aged about 20. There are, unfortunately, no notes available of this case, as the name has been lost. The writer, however, remembers her as a girl who used to come into hospital from time to time for exacerbations of her heart condition. She was not very markedly cyanosed, and the dyspncea present on admission usually vanished after rest in bed. She had congenital heart disease, but of what nature is not remembered. Apparently the increase of the red cells to 9 million was sufficient to compensate the heart lesioin, which we must therefore presume not to have been very severe. In other adult cases the compensation seems to have been adequate only with a larger number-viz., about 12 million. Probably variation in the number of red cells is one of the most readily available and least easily exhausted of all methods of compensating a heart lesion. Photomicrograph of blood in Case II, showing two nucleated red cells-one a megaloblast in mitosis.
FIG. 3.
Blood from a boy, aged 12, suffering from congenital heart disease with polycythsemia. Note anisocytosis and other changes somewbat similar to those in fig. 1 , but much less in extent. Class V.-The case of A. E. N., aged 8. I am indebted to Dr. Kelly, of the Western Fever Hospital, who called my attention to this case. She was admitted with a severe attack of measles, and was then very cyanosed, and was said to have been so since her third year. The history was, however, rendered somewhat unreliable owing to the mental calibre of the available parent. She is said to have had " heart trouble and paralysis " at the age of 3. One month before this examination was made she had epistaxis and melaena. At the date of this count she had quite recovered from the m6asle4 and appeared to be in good health, being cheerful, and only dyspnceic on exertion--her normal condition. It is noteworthy that she passed without mishap through a severe attack of measles. Notes made on December 2, 1912: There is considerable clubbing of the fingers and of the toes. The cyanosis is not extreme and at times is really very little apparent. There is a small accessory auricle on the left side. There is a tendency to sweating about the head, but no other signs suggestive of rickets. She has had a rather severe stomatitis, but this is now gone; tlere remains one septic stump. The heart is very decidedly enlarged to the left, being nearly an inch outside the nipple line. It is not otherwise increased in size to percussion nor displaced. The apex beat is forcible and reduplication is well felt. On auscultation there is well-marked reduplication of the sounds, but there is no bruit or thrill. I understand that there has been no bruit since she has been under observation. The heart sounds are heard all over the chest, but in less intensity than at the apex. There is marked puerile breathing all over the chest. There is no enlargement of liver or spleen. There is considerable wasting and deformity of the left legapparently the result of acute anterior poliomyelitis. Diagnosis is presumably deficient interventricular septum, possibly with some degree of pulmonary stenosis.
The chief point of interest about this case is the fact that the cyanosis is said to have come on about the age of 3, and in connexion with an attack of infantile paralysis: traces of the latter remain. If the history is reliable the fact is not, of course, without precedent, and the cyanosis, &c., would be presumed to have followed opening of the foramen Qvale under some sudden stress. Probably the history is not reliable. It may be noted that the resista.nce of the red cells to the haemolysis by salt solution was markedly increased. There was only a slight trace of haimolysis in 035 per cent. saline, and it was not complete until 0 2 per cent. was reached. The solution miiade to test the hmimolysis was used also in Case II. The solution when made was sealed up in half centinmetres in vaccine tubes and then sterilized. This enables it to be kept indefinitely without evaporation and without growth of bacteria. It is therefore quite certain that this increased resistance to haemolysis was no experimental error. It lacks any obvious explanation so far as the writer is aware. 62 GROUP II.-FIRST IDIOPATHIC GROUP.
Case VI.-The case of T. G., aged 21. The chief interest attaclhing to this case is derived from the fact that he was the son of a man undoubtedly suffering from erythraemia or splenomegalic polycythaemia.
The father's case has been recorded in the Westminster Hospi,tal Reports, and he was several times shown at meetings of medical societies. His symptoms came on so gradually that he is unable to say when the disease first showed itself. Heewrote to me as follows: " From a child I remember suffering from cold feet and hands, with aching of the legs and partial deafness." About the age of 21 he visited a doctor for treatment of "bad throat and terrible congested cough on rising in the morning, which has stuck to me ever since." Later he was treated at King's College Hospital for" inflammation and pain in the bones."
Tha father's symptoms, therefore, date for at least thirty years from the time that he first saw a doctor, and were at first very indefinite in nature.
The son is the only one of the family who resembles his father physically or temperamentally, and came under observation solely because his father thought he was developing the disease from which he himself suffered. He was a well-developed individual with a reddish complexion, but with no signs of dilated venules on the face or conjunctivwe. He was suffering from fairly well marked acne vulgaris, but there were also several reddish raised papules rather resembling telangiectases on the face. These were not very definite. His hands and elbows were red, but the rest of the body was of a normal colour. He worked all day at a lathe in a workshop and not exposed to the weather; this may have had something to do with the colour of his hands, but that it really had is very doubtful. There was no enlargement of the spleen or liver nor any abnormality of heart or lungs. The hands became red and mottled when allowed to hang by his side-more so than is the case in normal individuals. He said that he had always enjoyed fair health, but was liable to sore throats. It may be noted that throat trouble was one of the early complaints of the father. As regards his circulation, he noted that his hands and elbows occasionally became very red without any cause that he was aware of; that he suffered from " pins and needles " in the feet and hands after a warm bath, but not always, and that he had cold feet and chilblains in the winter.-He also mentioned that his hands "looked like boiled lobsters" when put into hot water, and that he bled rather readily, and that thie bleeding was on occasion difficult to stop. He instanced that a small pimple on his face once bled all the time that he was travelling from Shepherd's Bush to Marylebone and back again. Especially in cold weather he had a tendency to vomiting, or, at least, nausea after breakfast, and tea at any time disagreed with him. He said that he would feel dizzy if he were told to hold his head between his knees. He had been taking citrate of iron for two weeks prior to the day on which he was first seen. It had apparently been prescribed by his father on the general principle that iron is good for disorders of the blood. He did not continue to take it. It will thus be seen that the son presented only the vaguest symptoms 64 Ward: Sonme Cases of Polycythwmia of a kind which would probably have passed unnoticed if it had not been that the condition of his father called attention to them. lie did, however, have some degree of polycythwmia. The blood was examined on two occasions with an interval of three months. There was practically no difference between the two counts of red cells; in the first instance 6,570,000, and the second 6,490,000. The haemoglobin was 103 per cent. and 101 per cent. on the same days. The white cells were juist above normal, being 10,200 and 11,100 per cubic millimetre. The size and shape of the cells appeared normal and the spectrum was normal.
This, then, is a possible case of erythramia, although the evidence is by no means all that could be desired. If it is really erythrwmia the case is unique in being hereditary. The writer's opinion is that although there is not sufficient evidence for a positive diagnosis of erythraemia there is yet no other obvious explanation of the polycythemia and the other facts noted.
GROUP III.-SECOND IDIOPATHIC GROUP. In this class are placed two cases which had in common a sparseness of subcutaneous fat, a polycythsemia reaching 7 million, and a peculiar brick-red complexion. The skin was also very dry in eaclh case. These may seem poor grounds for suggesting a subdivision of polycythemia, but the fact that the blood of the second case was only examined because her appearance suggested that of the first one is evidence that there may be some grounds for classing them together. There was in neither case any evidence of a dilatation of the bloodvessels, and in Case VII it was even noted that they seemed unduly empty, since there was practically no bleeding during a prolonged operation. In this case the blood-pressure was noted to be 140 on one occasion, and this, although not greatly above the normal, might lead to a comparison with the " polycythaemia hypertonica " of German authors. However, there are in the series of cases here presented others in whom the blood-pressure was higher, and yet which in no way resembled this case. The writer does not suppose that many people in this country would demur to the statement that the association of high bloodpressure and polycythaemia is insufficient evidence of a new clinical entity.
Case VII.-The case of M. H., female, aged 47, suffering from lateral sclerosis. The history in this case was in no way noteworthy. The onset of the nervous disorder had been gradual, as is usually the case, and it did not present any novel features. There was, however, a complication of uncommon nature. The patient vomited after every attempt to take food. She had a history of gastric ulcer many years before. Exploratory laparotomy was performed and she was found to have an hour-glass stomach. The contraction was so extreme that it was obvious that no solid food could have passed the obstruction for a long time. A plastic operation was performed by Mr. Ballance and there was thereafter no return of unpleasant symptoms. The polycythaemia when first noted reached 7,365,000 red cells per cubic millimetre, but her peculiar red colour suggested that this was not due to concentration following starvation. The fact that the operation did nothing to relieve the polycythaemia confirmed this view. It is possible that this type of cyanosis represents a definite class, although there are not at present sufficient grounds for labellinag it as a new syndrome. The signs of the blood condition were very few. The oilly one of note was a peculiar dry and red complexion. The redness was best seen in the lips and mucous membranes, but there were no dilated vessels or any suggestion clinically of increased blood volume. Cyanosis was never noted, except on one occasion. This occasion was of some interest. The patient both before and after operation had great difficulty with the bowels, which were seldom open without an enema. Aperients were usually of no avail. It was one day noted by the writer that her colour seemed more nearly normal, and on inquiry it appeared that her bowels had been opened naturally twice the day before. They were opened twice on the day that this observation was made and twice on each of the two following days. The colour was noted as being less normal than previously, but still not as red as was her wont. On the fifth day the bowels were again confined and the colour was noted as " almost bluish." This is the sole reference to anything approaching cyanosis which was made during the time she was under observationwith intervals, more than six months. A bloQd examination made on the " almost bluish " day showed red cells 6,460,000 per cubic millimetre, and haemoglobin 104 per cent. It may be noted, in view of the fact that sulphwemoglobinaemia is associated with cyanosis and constipation, that the spectrum was normal on this occasion-i.e., that of oxyhaemoglobin. Sulphtemoglobin was looked for, and as the writer is familiar with the appearance of its characteristic spectrum in the blood it may be taken that it was not present. The association of the more normal colour and subsequent cyanosis with differing conditions of the bowels is nevertheless interesting. The fact of an operation being performed enabled one to state with certainty that there was no enlargement of the spleen or liver. It was also noted that almost no blood oozed from the incisions and that the subcutaneous fat was very deficient. The colour of the face was normal for less than twenty-four hours after operation, and then returned to the somewhat vermilion redness already noted. The blood-pressure was estimated on one or two occasions and was found to vary between 116 and 140 mm. of mercury with the Riva-Rocci instrument.
Case VIII.-The case of E. B., aged 59, suffering from a small patch of some scaly eruption situated over the sternum. According to the patient's story this had neither been definitely diagnosed nor successfully treated in spite of application to the skin departments of several London hospitals.
It should be mentioned for what it is worth that at the time of this count she had had fifteen ten-minute applications of radium. A small (1 c.c.) square of varnish was used with a millimetre nickel shield covered with thin rubber. The dose was therefore very small, but since it was applied over the sternum, which is very active in blood formation, there is just a possibility that the marrow was to some extent stimulated thereby. In large doses, radium, like the X-rays, probably causes atrophy of the marrow, but in small doses there may be an opposite effect, as is sometimes seen in the case of other poisons.
This patient had a dry red skin and little subcutaneous fat, as in the last case.
This group contains three cases, and in all there was polycytheemia, with excess of subcutaneous tissue and a generally fat and unhealthy appearance. In two cases there was noted dilatation of the conjunctival vessels and in two there were small telangiectases about the body. In none of the cases was there any apparent cause for the polycythamia unless a slight amount of emphysema be regarded as sufficient. That it should not be so regarded is evidenced by the absence of polycytheemia in many much more severe cases of emphysema. In only one case were repeated blood examinations made. All disclosed polycythaemia. The type of individual included in this group is well known, but in all the instances here advanced there was some definite disease presentnot, however, of a nature to produce polycythemia. Before giving an opinion as to the validity of grouping these together as a subdivision of polycythaemia, it would be necessary to collect the blood of persons otherwise normal but " plethoric." Until this is done it may be noted that there is an obvious defect of mretabolism-probably in the nature of deficient provision of oxygen, since there is considerable adiposity. A natural reaction to insufficient oxygenation would be an increase in oxygen carriers-i.e., the red corpuscles of the blood. It may be that some such explanation of these cases will eventually be found to hold good. The writer is forced to place them in a separate group because they do not seem to admit of other classification and yet present analogies with each other.
Case IX.-The case of J. B., aged 74, suffering from facial paralysis following removal of cervical glands secondary to a malignant growth of the tongue. This had occurred four years before the patient was seen, and there was no recurrence. He enjoyed goodl health and wvas of a plethoric and obese type.
There was slight but obvious dilatation of the conjunctival vessels and some sl)ider nevi on various parts of the body. There was a little emphysema and a few moist sounds at the base of the riglht lung. Except for the cancer of the tongue, there was notlhing of note in the, past hiistory. He had somiie symptoms of enlarged prostate and weighed 14 st. In this case the red cells were 6,260,000-i.e., not a very excessive number, but the hlemoglobin was 118 per cent., so that the colour index was near unity. This was so in spite of tlle fact that there were some qualitative changes in the blood, a few megalocytes, some polychrolmiasia, &c.
In polycythmemia due to concentration it is very rare to meet with a normal colour index, and this is equally true of other varieties of polycythamemia.
It mnay be the case, although there is no factor in operation which is of a nature recognized as tending to produce anemia of the individual corpuscles. This patient was a typical example of the plethoric type and it is possible that the polycythamia w-as ml-erely another expression of that fact.
Case, X.-The case of R. G., aged 54, suffering from-l arterial and otlher changes consequent on exposure to lead dust. Patient hlad workedI for forty years as a comlnpositor, but lhad lhad no illness that hle knew of until about a year before lhe was seen. Then after a l)eriod of extra work le stuffelred from indigestion. Later lhe lhad an attack of colic and next (lay dleveloped wristdrop. Since then he lhad been recovering. He lhad very rigid arteries and albuminuria. The heart was hypertrophied. The conjunctival vessels were injected, and this had been noted by the p)atient hiimself. He was a l)lethoriclooking individual and clinically resembled Case IX. The red cells were 6,440,000 per c.mnin., and as in that case the ha2moglobin also was well above normal, being 116 per cent.
If high blood-pressure can of itself cause polycythmuia this imight be said to be an example of that association. It is difficult, however, to see how it can do so in the absence of stasis in some part of the circulation, and even then the polycythamia would probably be local and relative for a considerable timiie. There was no sign of stasis in this case; the high blood-pressure was apparently quite adequate compensation for whatever condition called it into being. The blood did not show the qualitative changes of lead poisoning, so that the case was probably not one of excessive blood regeneration; indeed, the high colour index alilmost excludes this. In the light of the knowledge available the polycytheemia remains unexplained, unless the plethora is sufficient explanation.
Case XI.-The case of W. H., aged about 40. This patient presented a rather unusual syndrome. He was of the plethoric type of Cases IX and X, but had in addition other ills. He was slightly jaundiced and slightly pigmented, and had also glycosuria. The jaundice was apparent in his conjunctivae and to a less extent over the whole body. The blood serum was unduly yellow and when diluted about twenty times gave a distinct play of colours with nitric acid. The urine was frequently examined for bile pigments, but the results were unsatisfactory since there was considerable intestinal absorption. This was sometimes shown by considerable excess of indican, sometimes by excess of indigo red. At other times neither of these bodies was present in great amount, urobilin was excessive or there were some other less readily identified bodies present which gave Gmelin's reaction but failed to give other tests for bile pigments, or gave only some of the other tests. The jaundice became less after a month's treatment, and when the patient was no longer glycosuric. The pigmentation was in two forms. The first was a diffuse golden pigmentation distinct from the jaundice, and especially apparent on the hands and face, and the second was in the form of "freckles" on the face and hands, and similar but larger spots on the abdomen and elsewhere. There was no pigmentation of the external genitals. It was noted that some of these "freckles" were situate about the hair-follicles, but that others were not so placed. The pigmentation was apparently not nearly so great in degree as that of most cases of haemochromatosis, but the possibility of that syndrome was present to the author's mind when noting the position of the pigmentation. The glycosuria was variable in amount, but 3 per cent. was the highest out of some twenty examinations. The sugar present did not give any reactions for lhvulose. While the patient was still passing sugar the daily amount of urine was about 1 to 1,300 c.c., but when he was sugar-free the amount rose and remained at from 1,300 to 1,900 c.c. per diem. These variations do not seem to have been in any way reflected in the blood. The blood-pressure was at first as high as 180 mm. Hg., but as he improved fell to 100 to 110. (All observations. with a Riva-Rocci instrument on the brachial artery.) The only other matter of interest about the patient was his mental condition, which was one of morbid obsession and morbid fears. He was also very intolerant of opium in any form and became non-glycosuric as soon as he was put on a sugar-free diet.
It may be noted that the glycosuria, the mental state, and the pigmentation are all said to have been present and first noted five years before his present course of treatment. Polycythemia has been noted in diabetes on more than one occasion. In this case, however, it was present when there was no sugar in the urine.
Case XII.-The case of P. S., aged 42, suffering from bronchitis, emphysema and heart failure. The history was that he had an attack of cough and dyspncea in Christmas, 1910. Before then he had been in good health except for attacks of " asthma." This was probably the true asthma, as his mother also suffered from it, and his description agreed with the usual type of nocturnal attacks, &c. He was in bed nine weeks, but was then able to return to work. In the winter of 1911 he had another attack and was in the Middlesex Hospital for three weeks. The diagnosis then was bronchitis and asthma. No blood examination was made. He had psoriasis of legs, arms and face. After this attack he was often in bed and was never able to return to work. In August, 1912, he was admitted to the Westminster Hospital under the care of Dr. Purves Stewart. He was then suffering from emphysema, heart failure, and cedema of the legs and back. During his stay in hospital he slowly recovered, but on discharge was still cyanosed and was sent to the Infirmary. His condition varied somewhat from day to day, and all the signs of heart failure were present at one time or another. Thus there was cedema of the lungs, legs, and loins, ascites, venous pulsation in the neck, enlargement of the right and left sides of the heart and liver, and considerable drowsiness. The spleen was not felt. The thorax was very rigid and moved very little on respiration. His blood was examined three times. On the first occasion, which was on the day after admission, there were 11,720,000 red cells per cubic millimetre. There were no nucleated red cells. The writer examined the blood on the thirteenth and fourteenth days after admission. He was then slightly improved, but not very much. On the thirteenth day he appeared to be very ill, was sitting up in bed gasping for breath and hardly able to speak for the dyspnoea. The red cells were 10,000,000 per cubic millimetre, and there were 731 nucleated red cells per cubic millimetre. There was thus a fall since admission and apparently a blood crisis in progress. He was cyanosed and drowsy, and passed only 20 oz. of urine that day. On the next day he expressed himself as feeling much better and was able to converse without difficulty, other than that due to the fact that he knew very little of three languages-viz., English, Yiddish, and German. Nevertheless he passed only 15 oz. of urine on this day. The blood showed a further reduction of red cells to 8,760,000 per cubic millimetre, while there were only 210 nucleated red cells per cubic millimetre.
The improvement in his condition and the state of the blood seemed to indicate that he was relieving the blood viscosity which embarrassed his heart by dilution. This dilution would ordinarily show itself by some increase in the amount of urine excreted, for Nature does not seem to perform just that dilution required to give the heart relief, but rather more; or it may be that, however beneficial the dilution, the kidneys are bound to do their best to remove it, even if for other reasons concentration (i.e., polycythaemia) is necessary. However this may be, he did not pass more urine but less. The explanation is probably to be found in the note of the fifteenth day, on which for the first time ascites was noted. The fluid which had diluted the blood and relieved the heart was lost in part in the peritoneal cavity.
The case is very similar in some respects to Case XXI, in which there was also heart failure but no cedema or ascites. Dilution of the blood as shown by the fall in red cells was accompanied by an increase in the amount of urine excreted and improvement in the patient's condition. It was also accompanied by a shower of nucleated red cells -i.e., a blood crisis. An examination of the blood in these cases seems to show that the blood is diluted by fluid on its way to excretion either externally or internally and that this is followed by an improvement in the condition of the patient. The polycythoemia in this case is, however, only in part due to the heart condition, since the condition of the lungs obviously demanded some compensation by increase of red cells. This was probably a relatively old standing condifion of at least two years' duration.
Case XIII.-The case of F. N., aged 16, suffering from acute tuberculosis of the suprarenals. The patient was an ill-nourished and very neglected child looking about six years younger than was the case. On admission to hospital, there was only a fortnight's history of illness-before that time she would appear to have been in what was for her normal health. She had applied for admission a week before it was possible to take her in, and did not at that time appear to be an exceptionally urgent case. Yet she died five days after admission. She therefore represented the acutest type of Addison's disease. The clinical signs and $ymptoms were quite typical, with the single exception of vomiting, which was absent. The general condition was one of collapse; the temperature never rose above 98°F., and only once reached that figure. The pulse-rate varied from 100 to 116, the volume was small, and the tension as estimated by the finger was almost negligible. The respirations varied from 24 to 30 per minute. There was slight diarrhcea, the bowels being opened twice a day and three times on the last day of life. There was generalized pigmentation of the body, and this, although very marked, was not more obvious in the flexures, and did not affect the mucous membranes. The mental condition was confused, and the patient was only conscious at intervals. She groaned continually, and pressed her hands to her head. Almost the only words that she said referred to the pain in her head.
It is obvious that one had here to do with a case of acute disease running a rapid course, and the diagnosis of Addison's disease was fully confirmed post mortem. There was no other sign of tuberculosis in the body, but the head was not examined, as permission could not be obtained. There is no doubt that the condition of the blood was one of very marked stasis, and one accordingly was not surprised to find a very fair degree of polycythaemia-viz., 7,025,000 red cells per cubic millinletre, with hamoglobin 98 per cent. The exact miiechanism of blood concentration in conditions of stasis is perhaps not altogether plain, but there can be no doubt that it does occur. But a secondary effect of stasis must also be a true increase in the number of circulating red cells, since this is a well-known and, as far as we know, invariable method of compensation for the resulting deficiency of oxygen carrying between the lungs and the tissues. In this case we are probably entitled to suppose that this compensatory mechanism had actually come into being, for at the post-mortem examination the marrow was found to be of a dark red, almost purple, colour, and the whole of the shaft of the humerus was filled with this, as well as the ends of the bone in which it is normally present. There is unfortunately no record of the microscopical examination of the marrow, nor does the writer remember whether or no it showed increased erythroblastic activity. It is therefore arguable that the colour was due solely to congestion, whilst the increase as shown by the active marrow in the shaft of the humerus might possibly be explained by the age of the patient, and especially by the fact that her development had apparently been much retarded. The writer is, however, of the opinion that this was a case in which some concentration of the blood, due to stasis, was accompanied by actual increase of blood formation. Polycythaemia in connexion with Addison's disease has been noted by other writers [4] , and there has been a tendency to suppose that it must be due to some specific action of the tuberculous toxin, an argument that derives a certain amount of support from animal experiments with tuberculin. By means of small doses it has been possible to produce a considerable, and not altogether transitory, degree of polycytha%mia.
Nevertheless, there does not seem to be any need to invoke the aid of such explanations in this case, since the facts are explicable by reference to similar cases in which the action of a tuberculous toxin was not in question (see especially Case XIV, in which the adrenals were destroyed by haemorrhage). Ward: Some Cases of Polycytltumia times, and usually produced pain referred to the right side, and to some extent suggestive of appendicitis. The source of this pain was not understood until after death, and the confusion was the more easily explained by the absence of any classical signs of Addison's disease. In particular, the tension of the pulse was fairly good, as estimated by the finger. Post-mortem examination showed that the right adrenal was almost entirely destroyed, but that the htemorrhages had spared a considerable proportion of the left. The heart was distinctly hypertrophied, was, in fact, what is called a renal heart, but the kidneys were not markedly affected. They were larger than normal, but the cortex was relatively diminished. The capsule stripped with very little laceration of the kidney substance. The renal changes were dominated by the element of congestion, and the liver and abdominal viscera were also congested. The marrow of the ribs was dark red in colour, as was also that-of the vertebrae, but on microscopical examination it did not show loss of fat nor increased erythroblastic activity. There was a distinct increase in giant cells of the smaller sort.
The cause of the polycytha-mia in this case was probably complex. There had been some diarrhoea before the count was made, and there was no doubt some stasis due to adrenal insufficiency, although, as already stated, this was not extreme. There was also adhesion of both lungs between the visceral and parietal pleura, and this, although not very marked, may have had some influence in determining the presence of polycythaemia. We have thus more than enough causes for a rather small degree of polycytheemia, and it is probable that the disease of the adrenals should be mainly incriminated. It is interesting to note that, in spite of the haemorrhage, there were no signs of blood regeneration as far as the red cells were concerned, although there was a typical postha,morrhagic leucocytosis. GROUP VI.-REACTIVE POLYCYTHA:MIA.
The difference between compensatory and reactive polycythaemia, perhaps, needs a word of explanation. Compensatory polycytha3mia follows a stimulus to which the only adequate reaction is true polycythsemia, but reactive polycytheemia is met with in cases in which there is no discoverable need for polycythsemia, although there is a need for repair of the previously impoverished blood. It is, as it were, an excess where only a return to the normal was demanded. Why this excess should take place is not easy to explain, but it does take place, and can be exemplified from almost every department of medicine.
Case XV.-The case of F. L., aged 48, suffering from menorrhagia and metrorrhagia, diarrhoea of eight days' duration, and a septic condition of the 72 Medical Section 73 mouth. The clinical history is not of particular note; the patient had lost a good deal at and between her periods for more than a year, and had various subjective nervous symptoms apparently referable to the anmmia. The diarrhmea was of recent development. The red cells were 6,957,000 per cubic millimetre, and the hmemoglobin only 51 per cent., giving a colour index of 0-367. She was of a yellowish colour, and looked to have about as much blood as the haemoglobin estimation would suggest, or even less. The clinical picture was in fact very much that of Addisonian anumia. The blood, however, was that of a post-haemorrhagic anaemia. The large number of red cells is no doubt to be explained, in part at least, as the result of diarrheea, but one is inclined also to suppose that the red cell formation was at the time very brisk, although, as is usually the case, the haem6g]obin formation was very much behindhand. A second examination about six weeks later tended to confirm this view, for the hwemoglobin had then risen about 10 per cent., while the number of. red cells, although above normal, had fallen more than a million. There was not then any diarrhoea, nor had there been further loss of blood. The blood still showed plentiful signs of new red cell formation.
The two blood examinations in this case, without the advantage of an acquaintance with the clinical history of the case, would appear so unusual as to suggest errors in technique; with the clinical history this explanation is no longer necessary. It may, however, perhaps, be noted that the writer takes all possible precautions to avoid the error introduced by the personal equation of the heematologist, and that the previous count on any given case is never referred to until the subsequent one is complete and in black and white. In his experience this is a very desirable precaution.
Case XVI.-The case of A. W., aged 16, suffering from tuberculosis. The patient had suspicious signs at the right apex and a chronic cough, but no tubercle bacilli were detected in the sputum. He was widely pigmented, but had been taking arsenic. The pigmentation progressed even after arsenic had been discontinued. He had a septic mouth and two enlarged glands, one in the neck and the other in the axilla of the same side. There had not recently been any detectable loss of fluid by sweating, diarrhcea, or otherwise. The spleen was not enlarged, and the pulse was good. The red cells were 6,120,000 per cubic millimetre, and the ha3moglobin 74 per cent. The average size of the red cells was not increased. There were no nucleated red cells, but otherwise there were all the qualitative signs associated with anaemia. It should also be mentioned that clinically he looked anaemic and yellowish. This is an example, in all probability, of what is sometimes called "tuberculous chlorosis," in which the red cell formation has risen above normal in response to the stimulation of blood destruction. That the Ward: Some Cases of Polycythwemia products of blood destruction were present in the body is sufficiently attested by the yellowish colour of the skin. That it depended on the baleful activities of the tubercle bacillus is only a matter of inference, but in the absence of any other cause must be accepted.
Case XVII.-The case of A. A., an adult man suffering from ankylostomiasis. The red cells were 6,520,000 per cubic millimetre. Apart from the ankylostoma lesions, the patient was in good health.
The polycythamia is probably explicable in much the same way as was that of the two preceding cases. GROUP VII.-THERAPEUTIC POLYCYTHAEMIA.
In this group we meet with cases similar to those in the last except that we have some reason for supposing that we know the nature of the exact stimulus which causes the polycythbemia-i.e., that it is a drug. In the last group the stimulus to increased blood formation is of a physiological nature and is beyond our accurate recognition, although we may say, for example, that in any given case it may have been increased blood destruction or blood loss. In this group we are dealing almost entirely with the results of the administration of one of a very small group of drugs. These are often called homatinics, but the more we look into the exact pharmacology of these drugs the less can we confidently assert as to the way in which they act. We are therefore compelled at present to base our observations on purely clinical data. The giving of iron is known to be followed by increase of red cells; red cells contain iron, therefore the increase is due to the administration of iron. No one would subscribe unreservedly to that doctrine, but it amounts to the best working hypothesis at the moment. It would have been easy in this group to introduce several cases of chlorosis-used as the name of one specific disease and not with the loose meaning of any mild anumia of young women or in the equally pernicious and confusing sense of any aneBmia in which the haemoglobin is more reduced than the corpuscles. The writer, however, believes that there are no grounds for supposing that there is actually increased formation of red cells during recovery from this disease. The postmortem findings do not support the suggestion and the evidences for mere concentration of the blood are so strong that it does not seem justifiable to include recoveries from chlorosis in which the blood has appeared to go above the normal in this group of polycythemia.
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Medical Section Case XVIII.-The case of F. L., suffering from enlargement of the thyroid of three years' duration. During the last two years the thyroid had been practically stationary. The patient presented very marked pallor, but there was no sign of a yellow tint. This pallor had not altered during the time that she had been under observation, but she had been taking iron for nine months on the supposition that she was anamic. The exact prescription was 3 mm. of liquor arsenicalis and 1 dr. of syr. ferri iod. three times a day. The red cells were 6,525,000 per cubic millimetre and the haemoglobin 104 per cent. There was no cause for this that could be ascertained except the prolonged administration of iron and arsenic. The thyroid did not obstruct breathing at any time-a possible cause of polycythaemia. The case is therefore reported as possibly due to long continued administration of " hematinics."
This group contains cases in 'which it is easy to fix some of the factors which may have been responsible for the polycythaemia, but not at all easy to say which of these was most important. This group should probably contain the majority of cases of relative polycythsemia, but where it has been possible to say that one cause of polycythaemia was obviously more potent than another the case has been placed in the group which this fact suggests.
Case XIX.-The case of J. B., aged 4, suffering from old-standing traumatic brachial paralysis and urticaria with diarrhcea. The red cells in this case were 7,090,000 per cubic millimetre. At the time of the blood examination the temperature was 100.40 F., the pulse-rate 128, and the respirations 32 per minute. The patient had then had intense and widespread urticaria for three days. This was assumed to be due to some mistaken article of diet, but this was not proved. There was also diarrhcea in part due to the administration of an aperient.
The blood condition may be conjectured to. be due to concentration from these two causes and perhaps in part from a slight degree of cardiac insufficiency. The pulse-rate suggests the latter.
Case XX.--The case of H. S., aged 16, suffering from acute osteo-myelitis. The history of the case was in brief that, following an apparently trivial blow on the leg, he had swelling and redness. He was admitted to hospital and operated upon the following day. The tibia and fibula were found to be bare of periosteum throughout and surrounded by pus which contained the Staphylococcu& pyogenes aureus. Three days after an abscess was opened on the clavicle and six days later he died with several other abscesses. The blood was twice examined, on the second and eighth days. On the first occasion there were 7,300,000 and 75 Ward: Somie Cases of Polycythemia on the second 6,925,000 red cells per cubic millimetre. The hemoglobin was 100 per cent. and 65 per cent. on the same days. This very sharp fall in h8emoglobin was no doubt due to the intensity of the toxic process, and it is noteworthy that there were a large number of swollen red cells present which were poor in haemoglobin. These were about 16 per cent. of the whole number of red cells and were doubtless responsible for the fact that the average size of the red cells was increased to 8 microns. The concentration of the blood was probably due to a variety of factors. He did not seem to lose much fluid by perspiration, the temperature was not high nor the skin moist. On the other hand, there was considerable diarrhcea, the bowels being opened six times a day for the last three days of life and less often on other days, but still abnormally often. A considerable amount of fluid was no doubt lost in this way. There was also undoubtedly a cardiac factor, the pulse-rate was as high as 160 on more than one occasion, and there can be little doubt that the heart muscle, like other parts of the body, was acutely poisoned and to that extent inefficient. Unfortunately there was no opportunity for a post-mortem examination of the marrow.
This case typifies very well the concentration of the blood seen in many acute septic processes, which has been mentioned as also occurring in Addison's disease, and which is sometimes assumed to be due to a specific action of the toxins on the bone-marrow. This case certainly requires no such explanation. It is true that there were some slight qualitative changes in the corpuscles suggesting new blood formation on the occasion of the second blood examination, but these are sufficiently explained as a response to the blood destruction already mentioned as taking place and neither invalidate the deduction that the polycythaemia was largely due to stasis* (which was very apparent clinically) nor offer evidence that there was a specific toxin at work stimulating the bonemarrow to increased production of red cells.
GROUP IX.
This group contains only cases in which the precise cause of the polycythaemia is doubtful. Case XXIV is of some particular interest, but although cardiac failure was the prime etiological factor, it is difficult to say exactly how it brought about the result obtained. There was certainly concentration of the blood, but this was not due to any loss of fluid that could be detected; there was no ascites, no cedema, no sweating, diminution of the urine, &c. The fluid was lost from the blood to the tissues in some way, but not in any way that one can so definitely specify as to base a variety of polycythemia thereon. It is true that this case showed a blood crisis-i.e., evidence of new blood formation, and to this extent falls into line with the absolute polycythEemias of chronic cardiac disease, but the major part of the polycythtemia seen in this case was quite independent of this particular factor. Case XXI.-The case of W. C., aged 63, a cattle drover, suffering from acute pericarditis. The history of the case was as follows: One evening on returning from work the patient felt faint and vomited. He thought little of it, slept well and went to work as usual on the following day. He drove some cattle four miles to market, but on arrival felt very faint and vomited; coffee and brandy given as restoratives. He Ward: Sonme Cases of Polycytlhwmia but the pulse-rate rose to 100 per minute. The respirations were also increased to 44. The blood was examined for the first time on this day and was found to contain 7,062,000 red cells per cubic millimetre, haemoglobin 114 per cent., and 26 nucleated red cells per cubic millimetre. There was no vomiting after midday. On this and the preceding day he passed only 14 oz. of urine; this was free from albumin. At no time during his illness was there any sign of cedema, ascites, or albuminuria. On the fourth day he was improved generally, but it was not until the fifth that the pulse fell again to 80 per minute. On this day he passed 86 oz. of urine. On the sixth day the blood was again examined and the dilution associated with the passage through the system of the large amount of fluid passed the day previous was very well shown. The red cells had fallen to almost half their original number and were now 3,750,000 per cubic millimetre. The haemoglobin was 96 per cent., and on this and the next occasion the colour index was above unity. The relation of the output of urine to the concentration of the blood as shown by the number of corpuscles is shown graphically in the accompanying chart. This relationship is very striking, although it is rendered less obvious than should be the case by the complicating factor of new blood formation as shown by the presence of a blood crisis, immature red cells, &c. The blood examined on the ninth day, when the condition of the patient was obviously much improved, showed that the red cells were mounting up again, in other words, that the concentration of the blood was approaching normal once more after being acutely concentrated and as acutely diluted. As a matter of fact, this reconcentration was overdone, since on the fourteenth day the red cells were 5,810,000 per cubic millimetre, and thereafter fell to a normal figure. At the same time the excretion of urine reached an apparent normal for the individual of about 50 oz. per diemii. The clinical course was one of steady improvement, marred only by a transient rise of temperature, when the patient was allowed to leave the hospital for a few hours for the purpose of recording his vote at the General Election then in progress. He had eventually another attack of heart failure, but whether he recovered again is not known.
This case shows the primary concentration of the blood following heart failure, the subsequent reaction of the marrow in producing new red cells, and the changes in the concentration of the peripheral blood produced by the passage through the circulation of large amounts of fluid previously held up in the tissues (?). Since there was never any cedema, ascites or loss of considerable fluid by vomiting this unstable state of the circulation was very well seen. The case is noteworthy as bearing on the question of the existence and continuance of a state of plethora, or, on the other hand, of a state of concentration of the blood. Case XXII.-The case of H. K., a typical case of dementia precox. Her age was 22, and her health, apart from the mental disturbance, seemed to be normal. As a result, however, of the dementia, she was from the circulatory point of view an example of severe and general stasis. She seldom moved of her own accord, and could with difficulty be persuaded to take a few steps in any direction. She had to be fed with a tube, and by this means received 3 pints of fluid daily. The tube feeding had been necessary for some weeks before the first blood examination was made. Her extremities and lips were almost invariably cyanosed, as is commonly the case in these patients. The first blood count showed 7,310,000 red cells per cubic millimetre, with 90 per cent. of haemoglobin. The second examination was made about six weeks later, when the patient was again taking her food normally, and was for a while rather better in mental health. It showed just under 6 million red cells per cubic millimetre, and 86 per cent. of hoomoglobin. On neither occasion were there any definite signs of blood formation being hurried or excessivei.e., there were no immature cells. Nevertheless, there were probably actually too many red cells in the body as compared with the normal, since the longstanding stasis must have produced some reaction of the marrow. This case is a good example of the polycythemia which may follow general stasis in the circulation. This does not, however, approach the degree met with in erythroamia, and one is very much inclined to doubt whether it could do so. Of a large number of melancholic patients examined, the majority had a larger number of red cells than 6 million per cubic millimetre, but only one or two reached 7 million, and in these that figure was not constant. In all such cases there is some degree of circulatory stasis, as is well known, but this is not so extreme as in wellmarked cases of dementia praecox.
Case XXIII.-The case of E. J., aged 45, suffering from early tabes, and probably syphilitic meningitis. The red cells were 6,100,000, and there was no apparent reason for this increase. Unfortunately in this, as in other of the cases reported, only one blood examination was possible. This patient had a blood-pressure of 125, and the arteries were thickened--i.e., the temporals and radials.
Case XXIV.-The case of Mrs. H., aged 40, suffering from maniacal depressive insanity and hamatoporphyrinuria. The latter was of sudden onset, but the patient was taking only veronal. It is not impossible that a dose of sulphonal was administered by accident, since other patients in the ward were taking the latter drug, but inany case only one dose can have been given. The presence of haematoporphyrinuria was fully proved by extraction of the pigment, spectroscopic and chemical examination.
The case is reported because Fells [3] has reported polycythemia in a case of chronic sulphonal poisoning with hagmatoporphyrinuria. In his case there were 6,500,000 red cells per cubic millimetre, in this rather fewer-viz., 6,220,000. Ward: Some Cases of Polycytha3mia
In the case under consideration there seems to be no reason to connect the polycythaemia with the presence of haematoporphyrin in the urine. So far as the writer is aware there is no evidence that the presence of this pigment connotes increased as against disordered blood destruction. Supposing that there is present only some abnormal disposal of the products of normal haemolysis, there need be no stimulus to undue new blood formation. Of other cases of insane patients examined at about the same time in the Bethlem Royal Hospital, and previously in other institutions, many showed as large an increase in the red cells, and in these the influence of sulphonal was not in question. The polycythamia was probably due to a certain amount of stagnation in the capillaries, such as is likely to be present in a typical case of sulphonal poison, and such as is very common in the insane, especially the melancholic.
